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1.0 INTRODUCTION AND SUMMARY

1.1 Contract Requlremenrs and Schedule

This eight-month study contract with a task value of approxhutely
4-1/2 marmmnths was initiated on June 15, 1978, and is scheduled to com-
plete on February S, 1979. The primary purpose of the study yam to par-
forms p_eZ_r/:nar 9 ew'v#y of the planetary scientific commnity to deter-
mine potential drlll sampling (corlng) requlren, ents of a Hare mple return
mission tentatlvely scheduled to be performed during the mld-1980's.

Other requlrements of the program Included the folloving:

I) Initiation of a test coring program on a suite of rocks which
simulate the physical properties of the porous rocks observed
on the Hartlan surface;

2) Evaluation of drill parameters such as core barrel diameters
thickness, rotation velocitles, etc, which mln/mize frasRenta-
tion of porous rocks;

3) Evaluation of a potential technique for transferring the core
barrel and sample to a sample return container.

The sigh-month schedule for performance of the program is illustrated
In Table I-I. The relatlvely long tlme period a/loved for performance of
thls small contract was to permit sufficient response time from the scien-
tific coenunlty.

1.2 Program Su.l.ary

A relatively large segment of the planetary scientific community was
selected for the core sampling requirements survey. A questionnaire-type
form and cover letter was prepared and submitted to approxlsustely 2300 ln-
dividualo which has resulted In 92 responses to date. A wide variety of
scientific interests yes expressed by the responding sclentlsts. A euassary
of the responses Is provided In Section 2.0 of this report.

A preliminary test c0ring program yes initiated using commercial drill-

ing equipment. Parametric drilling data vere acquired and compared vlth
data on flle from the Hartln Harletta Lunar Surface Drill Program performed
in support of the Apollo project. It was determined that the power opera-
ting efficiency (energy per unit volume of drilled rock) of the Apollo drill
was higher than the miler and lover power commercial drill used for this
program. Previous analyses and tests have indicated that scaling dovn of a
Iunar-drill size machine to a smaller machine for use on the Hartian surface

may not be an appropriate approach. Core recovery in both regollth and con-
solidated rock will decrease significnntly if the core dinmeter is reduced
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TASK NUHgER

1. Scientific Community Con-
sultatton

• Prepare Questionnaire
• NASA Approval
• Questionnaire to Scientists

• Responses

2. Initiate Test Program

• Receipt of GFE Rocks
• Acqulre/Asse_le Drill

Equipment
• Test Setup and Checkout

3. Evaluate Coring Parameters

4. Handling of Olsagg_gated Core

• Design Studies
• Test Evaluation

5. Study Outputs

• Infomal Reports
• Final Report
• Technical Briefing at JSC

1 2

A
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significantly below approximately 1.9 centimeters. Additionally, core drlll-
in8 in rock requires that a minimum _]z_eeho_ of energy per unit area (core
bit annulus) be provided in order to penetrate the rock materlsl. The re-
sults of thts phase of the study are presented in Sections 3.0 and 4.0.

The final task of the program was to illustrate an approach for a
Mars roving vehicle-mounted drill system capable of depositing core samples
into a sample return container. This technique was accomplished by construc-
tion og a simple rover and drill mockup to demonstrate a potential system
approach. The results of this phase of the study are presented in Section
5.0.

Recoul_endattons for follow-on tasks are presented in Section 6.0.



,

7

i

MCR-78-613

(Issue 3)

2.0 SCIENTIFIC COfl_NITY REQUIREHENTS SURVEY

2.1 Survey Form

A simple one-page form was generated for submittal to members of the

planetary scientific community. This form requested information regardlng
the nature of the proposed scientific experiments to be performed on the

returned samples, types of core samples required (i.e., rock or resollth),
geometry of the returned samples, special requirements, etc. These forms,

along with appropriate cover letters from Dr. Michael B. Duke (Chief of the
Lunar and Planetary Sciences Di_Islon at the'NASA Johnson Space Center), and

Mr. D. S. Crouch, the Martin _tarietta Program Manager, were submitted to ap-

proximately 2300 members of the planetary scientific community. The llsting
for these scientists and engineers was provided by the Johnson Space Center.

A copy of the form and letters used for this survey is provided in Appendix A.

2.2 Survey Results

A total of 92 responses to the questionnaire hav_ been received to date,
Of these responses, 62 responded directly to the potential core sample re-

quirements for both particulate and rock material. A breakdown of these
responses at the8 _e_e_ includes the following:

13 individuals interested in Pock cor_8 only;

19 individuals interested in partic*uZate sores only;

30 individuals interested in both z'Ook and partic.u_ate cores.

A small number of responding Indlviduals expressed a specific interest

in sampling of permafrost in the polar regions and most of these individuals

were rather strong in their convictions. It is anticipated that additional

polar sample requests would have been received if the survey form and back-

ground letters had addressed the possibility of a polar-roving vehicle. Al-

though only six individuals expressed an interest In biologically related

experiments, this particular scientific community listing consisted primarily

of geology-lnterested members. A similar sampling strategy survey of the
blology-lnterested scientific community is being planned by A_es Research
Center.

A variety of comments were received from the 30 individuals who did not

respond directly to the potential core sample requirements. Approximately

eight were out of the space business, r_t£red, or had no opinion. The re-
maining 22 would be satisfied with uurface ecarcpZee (rock and particulate),

or proposed other experiments either _rdiPect_y p_Za_ed to drilling (i.e.,

seismic sensors, water analyzer, In sttu subsurface dielectrlc measurements),

or indirectly related to the mission (i.e., solar wind collector).

Table 2-I presents a summary of the 62 responses regarding rock core

and regolith core requirements. It is interesting to note that 24 individuals
requested that either (or both) a pressure and temperature control be provided

for the return samples. These requests ranged from the difficult requirement

of complete maintenanoe of Mars sample acquisition pressure and temperature to
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Table g-1

Characteristic

Diameter < 1 on
1 - 2.5 on
> 2.5 on

No Preference/No Comment

Core Depth < I0 on
loon- Im

l-2m
>2m

No Preference/No Comment

Survey Sun_z_ of P_ZZ Core Requ_,x,ernente

Responses for
Rock Cores

2
36
2

22

10
17
3
7

25

Number of Holes < 5
5 - 15

> 15

No Preference/No Comment

Separation Distance < 3 m
3 - 500 m

> 500 m

No Preference/No Comment/
Real Time Judgment

Number of Samples < 5
5 - 20

> 20

No Preference/No Comment

16
17
5
24

7
11
10
34

8
17
11
26

Responses for
Regoltth Core

2
34
6

20

4
16
10
9

23

21
14
7

20

4
9

18
31

13
13
13
23

Size (Volume) < i cc
I - 10 cc

10 - 100 cc
• 100 cc

No Preference/No Comment

Special Requirements

• Maintain Temperature
and/or Pressure Control

• No Preference/No Comment

19
13
3
2
25

19

43

21
12
2
4

23

24

38

the rather lenlent requirement of permitting temperature rises up to 500°C.

Several other ape_zZ _equ_remente were requested and are not specifically
listed in the table since they are obviously inherent wlth any future Mars

sampllng mission. These included requirements such as avoidance of ¢erres-
trlal contamination, avoidance of sample mixing, sampling from each major

unit, minimum sample disturbance, and photodocumentation of all sampling sites.

Several responses requested that an "undisturbed" regolith sample be returned

and techniques for providing such a sample were suggested.

Table 2-2 provides a summary of categories of proposed experiments to

be performed on the returned samples or in-situ experiments using the core

holes. The complete collectlon of responses has been provided to the NASA

for their continued evaluatlon.
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3.0 TEST CORINGPROGRAH

3.1 Rock_

A suite of NASA-furnished rocks, and rocks available at Martin Marietta

were assembled for _n_at_ort of a test coring program. These rocks were

basaltic in composition, and provided a range of drilling hardness and poro-

sity.

3.2 Test Equipment

The rocks and test equipment used for this task are pictured in

Figures 3-I, -2, and -3. Basically, the drllllng system consisted of'a
small commercial rotary-lmpact drill (Black and Decker Hodel 5040) mounted

to a vertlcal traversing support stand. Variations in drilling thrust were
provided by adding _ishts to the traversing support fixture. The tests
_re conducted over a thrust range of 89 to 200 Newtons (20-45 Ibs) which

was chosen on the basis of s reasonable restraint capability for a pro-
Jected advanced Hare mission rover. Commercial drlll bits and lunar drlll

bits v:re used for the tests. The drill was powered by a variable trans-
former which permitted selection of drilling speeds over a range of approxl-

mately 200-900 rpm.

3.3 Results

Typical data acquired during these tests are illustrated in Appendix B.

The con_aerctal drill was operated in the following ranges:

Power:

Thrust:

Speed:

150 to 400 watts;

89 N (20 lb) to 200 N (45 lb);

Approximately 150-900 rpm.

The power operating performance of the commercial drill was less than
that attained for comparable drilling tests with the Apollo drill. As an

example, the best drilling efficiency attained with the commercial dr111
end lunar drill 1.9-centimeter core bit in vesicular basalt was approxl-

merely 1.7 watt-hr/cc (28 watt-hr/ln. 3) compared to a typical 0.2 watt-hr/cc
(3.5 watt-hr/In, s) with the lunar drill. Typical drilllng rates wlth the

commercial drill were 0.6 cm/min, compared to 15 cm/mln, with the lunar

drill. Figure 3-4 llluotrares typical cores produced during these tests,

The scope of thls test was severely limited due to the fact that only
ree_d_Z co_erc_al and Apollo Lunar Drill hardware was available. However,

the data acquired combined wlth Lunar Drill data provides a baseline for

subsequent, and more extensive, design and test evaluation.

!
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4.0 DRILL DESIGN PARAHETERS

4.1 Background

The prellmlrmry selectlon of a rotary-percussion drill system for the

Hars sample return mission inclusive of the drill design par_ters was pri-

marIIy based on extensive previous efforts performed by Hartin l_rietta in

support of the Apollo Lunar Surface Drill program, References I through 9

represent a partial listing of documents which were prepared during an eight

year period of study, design, and development, which culminated with the

successful operation of astronaut-operated lunar drills during Apollo mis-
sions 15, 16, and 17.

During the course of the early drilling technique studies, both rotm-_

and rotazz, d pe_olaosion systems were considered, and prototype drills were de-
signed and tested. The results of these studies oZeaz.Z_ revealed that the
rotary-percussion system would be required to meet the constraints of the

early Apollo missions. The results of these tradeoffs can be stated in

simple teras as follovs:

Drilling

Technique Advantages DisadvantaRes

Rotary Simpler mechanization

Diamond Lighter welght

Less power

Requires bit coolant (gas flay)

Requires high drlllin$ thrusts
Requires _ficient cuttlnae re-

moval system

Poor regollth core recovery

Rotary No bit coolant Complex mechanization
Percussion Lower drilling thrusts Heavier

Less sensitive to cuttings More power
removal system

Cood regolith core recovery

The rotary-percussion system was selected pr_n_r_Z H because of the
lower drilling thrust requirements and because a mechanical spiral flute
system could be used for drill cuttings removal. The rotary-diamond sys-

tem would have required an open-loop gas flow system to cool the bit and

remove the drill cuttings.

A ei4tnlfloant effort was also expended during the Apollo drill program
to optimize the rotary-percussion drill electromechanical design, and the

design of the tungsten carbide core bits in order to provide a power-effi-
cient system. An advanced state-of-the-art electric motor design was used,
and numerous mechanical design innovations were employed to alnimise fric-
tional losses in the various drill mechanisms. Numerous core bit designs
were fabricated and tested with variations in cutting kerr. number of car-

bides, carbide geometry, and carbide hardness before the final design was

selected for the Apollo mission. The resultant optimized rotary-percussion

drill system for Apollo was considerably more power-efflcient than any cos-
merclal dr_tl systems which existed at that time.

II
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The drill systea parameters su, marlzed in the following paragraphs re-
suited prlurily from Apollo Lunar Drill data extrapolation.

4.2 Core Bit and Extension Tubes

The design goal for the Mars drill core bit (and extension tubes if

required) is to provide • design vhlch will acquire a reasonably consoli-
dated core(s) from porous rocks at a minimtm power. The rotary-percusslon

type systeu is anticipated to be the most adaptable to seer the )tars rock
drilling constraints of minimum power, thrust, and complexity. Acquiring

a continuous core from extremely porous basaltic rock (i.e., porosities
approaching 40-50X) would probably require at least • 5 to 8 centimeter
diameter core bit to preclude intermittent fracturing of the core. Addi-

tionally, intentional "breaking" of such a large diameter core sample
from the parent rock can be an exceedingly difficult teskvlthin the con-
straints of a Hare automated mission. Therefore, a reasonable couproaise

is to provide a miler diameter core bit which will result in some core
frag=entation as shown in Figure 3-4. The degree of fragmentation viii

depend on the porosity percentage and fragility of the parent rock.

A minim,-- wall thickness core bit and extension tube design is illus-

trated in Figures 4-1 and 4-2. This design vilI produce a 1.9-centlmmter
diameter core which is vlthin the range requested by the maJorlty of res-

ponses received from the scientific comunity survey. Hinlaumvall thick-
ness core bits coupled with mlnlmtm vldth tungsten carbide tips are de-

sirable to minimize the power requlre_ents. The power required for drill-
ing is directly proportional to the area of the annulus produced by the
bit during the coring process. The configuration shown in Figure 4-1 re-
suits in a cutting annulus area of 2.51 cm 2 (0.389 in._).

4.3 Drilling Parameters

The majority of responses received fro= the scientific com_unity reques-
ted thst the length of the rock cores be in the range of 10 centimeters to

1 meter. Rook oo_'{_ rather than regoZ_th oor_._ uill size the drill in this
application. Therefore, the nominal operational parameters of the lunar
drill are applicable vhlch include the follovtng:

Core Bit Potation Rate: 280 rpm;

Percussive Energy: 440 N-cm (39 in.-Ib);

Nominal Percussion Rate: 2,270 impacts/min.;

Impacts per Bit Revolution: B.l:

Power Requirement: 450 watts.

Figure 4-3 and 4-4 illustrate the pover drilling efficiency and pene-
tration rates which can be anticipated from a system incorporating these

parameters.

12
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5.0 SYSTEM DESIGN APPROACH

II --" I

A potentlal design approach for a Mars roving vehicle-mounted drill
system was considered at a top ZeveZ only. Generation of detail conceptual

design drawings were well beyond the scope of this program.

The generallzed design approach is illustrated by use of a simple

Mars roving vehlcle mockup shown in Figures 5-I, 5-2, and 5-3. The con-

ceptual drlll system consists of the following elements:

l)

2)

3)

4)

5)

6)

Power Head -- provides the rotary-percusslon energy for rock
coring operation;

Guide Rall System and Drive -- provides power head restraint,

guidance, and drilling thrust at controllable angles varying
from perpendlcular to parallel to the rover horlzontal plane|

Turn-table and Drive -- provides reposltlonlng capabillty of the
drill (and robotic arm and camera) for operation in Front of, to

the left, or to the right side of the rover;

Core Bit and Tube -- provides the capabillty of drll _._ and
storing the rock samples|

Core Tube Disconnect -- provides d_soonneot and reoonmfot capa-

bility;

I/O Electronlcs -- provides com_nd and data control functions
between the rover computer and the drill electromechanlcal tom-

!

=

d

l
i

ponents. _i

! Core sampling is accomplLshed by positioning the drill (turn-table

and guide rail) to align properly with the surface rock to be drilled.

The power head is energized and appropriate axial drilling thrust applied.
| After completion of drilling, the power head is retracted and the drill

p is reposltloned horlzontally, as illustrated in Figures 5-2 and 5-3. The

core tube disconnect device decouples the core bit and tube which are sub- i

sequently inserted into the core tube container (sample return container).

The rotatable core tube container can subsequently be repositioned such _
that another empty core bit and tube can be withdrawn and coupled to the

power head for acquisition of another sample.

A preliminary weight estimate for the system includes the following,

4.0 Kg -- power head
4.5 Kg -- gui_e tall system and drive
2.5 Kg -- turn-table and drive

0.3 Kg -- core tube disconnect

17
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0.5 Kg -- each core bit and tube

3.0 Kg -- I/O electronics

14.8 Kg (32.6 Ib) Total

k

6.0 RECOMMENDATIONS

This 4-1/2 manmonth program provided very preliminary data regarding a

potential automated drill system for acquiring rock core samples from the

Rartian surface. However, an additional, more extensive effort is required

to ensure that the total technology required for the drilling system is at-

tainable within reasonable weight, power, complexity, and cost constraints.

The total integrated sampling strategy (sampling acquisition techniques,

sample return selection, preparation, handling packaging, sample return

containers, etc) should be studied in detail. Last, but not least, the drill-

abillty/samplabillty of Mars-type permafrost (i.e., H20, CO v) should be studied
(and tested) if northern latitude operations on moderate de_th samples are

anticipated.

A two-phase follow-on effort is recommended which should be completed

prior to finalization of sample return mission planning and conf_guratlon

commitments. The first phase should consist of some limited tests, config-

uration analyses, and conceptual design. The second phase should consist

of the design, fabrication and test of critical mechanisms associated with

all aspects of the F,ars sampling systems.

Specifically, the program should include, but not be limited to, the

following:

I) Perform actual rotary-percusslon drilling tests in simulated

CO 2 and H20 permafrost soll models;

2) Perform tradeoff analyses of all potential sampling acquisition

and handling devices such as drills, sampling scoops, rock
crushers, robotic arms, sample packaging, sample return con-

tainers, etc;

3) Generate top level layout drawings for the sample acquisition,

handling, and storage subsystem selected from the previous task;

4) Perform analyses of design risk, weight, command and data management,

and po_ser requirements of the subsystems designed in the previous task;

5) Perform detailed design, fabrication, and test of critical

mechanism breadboards.

The prime objective of the next Mars mission wil_ probably be sa_pZa

re_'wn. The sampling technologies and costs must receive extensive atten-

tion prior to final commitment.

21
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30, 1971, performed under NASA Contract No. NAS9-9462.

Martin Marietta Report No. MCR-72-201, Apollo 18 Lunar Surface

Dr£Zl blission Performance, dated July 31, 1972, performed under
NASA Contract No. NAS9-9462.

Martin Marietta Report No. MCR-73-18, Apollo 17 Lunar Surface

Drill Mission Perfor_r_noe, dated February 28, 1973, performed
under NASA Contract No. NAS9-9462.
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Nat,onalAoronaul_sa,"_
SpaceAOm,nistral*on

LyndonB.J_ SpaceCenter
Houston,Texas
77058

SN7-78-L185

Membersof the Planetary
ScienceCommunity

Dear Colleague:

As you know, we have been working toward a Mars Sample Return Mission
fqr the mid- to late-1980's. Enough progress has been made so that
your help Is now needed. First I wlll bring you up to date c)ncernlng
the developingMars program.

For the past year the Mars program has been carriedas a joint venture
betweenthe Jet PropulsionLaboratory (JPL) and the Johnson Space Center
(JSC). JPL has been performing the spacecraft design and mission
analysts studies whtle JSC has been working on the science requirements
and objectives. Thts total effort has been guided by a s_11 steering
group chaired by Arden Albee of Ca1 Tech. The prime _bJecttve of the
past year's efforts has been to explore all options of Martian explora-
tion. In that context several vehtcles have been studied, Including
orbiters for coamuntcatton and/or scientific observation, soft lenders,
hard landers,penetrators,samplereturn vehicles,ro111ng halls,alr-
planes, autonomousroversas landed laboratories,and minl-roversas
sample getters. The potential scientificreturn of the variousvehicles
has been evaluatedand preliminarycost estlmuteshave been generated
as part of the engineeringstudy. Althoughall cost estimatesare
tentative,the chief conclusionsare that any two-slteMars mission
that seeks to answer many of the major scientificobjectivesconcerning
Mars will involve severalvehicle types and wlll probably cost between
$I and $1.5 billion in constant lg79 dollars.

It is a significantfinding of the past year'sactivities that a Sample
Return Missionwith a scientificorbiter (for global geochemlcaland
geophysicalobservations)plus a set of hard lendersor penetrators(for
seismic,weather, and other network observations)costs about the same
as a landedroving laboratorywith the same associatedscientific
orbiters,and hard landers (or penetrators). We believe that thls
findingassures that the next mission to Mars will returnHartlan samples
to Earth for intensivestudy in laboratoriesof Principal Investigators
throughoutthe world.

I
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It ts clear that drtlltng wtll be Important tn any _rs Sample Return
Htsston. Cores recovered from the regoltth wtll be essential tn
studying such processes and phenomenon as weathe_'tng, regoltth dynamics,
and the Inventory and storage of volattles. Core dr1111ng of boulders
or outcrops my be the best method of obtaining and returning Igneous
rocks (remember Vtktng's Inability to collect a smell Igneous rock),
which are essential as calibration points tn _rttan chronology and to
understand the tnternal evolution of the planet.

We are funding Don Crouch of _rttn Hartetta (the people who butlt the
Apollo drt11 and thc Vtktrg arm and scoop) to perform a study aimed at
generating a conceptual destgn for a _rs dr111. A portion of that study
is to generate a definitive set of dr$11tng requirements.

! request that you take a few moments to complete the enclosed data
sheet. The data thus collected wtl! form a key Input tn defIntng the
requtroments for rock and regoltth drtlltng as part of a Flats Sable
Return Htss|on.

Sincerely, /'_

Chtef, Lunar" and Planetary Sciences" Dtvlston

Enclosure
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MARTIN MARIETTA AEROSPACE DIINVtM OIVIIWON
1'OI1'OFFI¢I IOX tl1
DENVER.COtOMaOOJo_lol
TELEPHONE(305)

June 19, 1978

Hembers of the Planetary

Scientific Community

Deer Colleague:

It is time that we planetary scientists and engineers reflect on the

results of surface sampling operations performed on the surface of the moon

and Mars in order to visualize sampling re,]uirements for future missions to

Kars. Bulk particulate samples, surface rocks, 40-65 cent/meter drive-tube

particulate cores and 3-meter powered drill cores vere acquired on the lunar

surface by the Apollo astronauts and returned to Earth. Samples from the

surface of Mars were acquired by a maneuverable boom/collector head and

analyzed by experiments located within the Viking lander. Although the Viking

samplers performed exceedingly well for nearly two years on the Hartian sur-

face, there were occasions when the various principal investigators would

have desired to acquire samples at depths greater than the 20-centimeters

attained by the samplers,

I am sure that many of you, in retrospect, may have employed alternate

approaches to the lunar and Mars sampling tasks, i served as the Martin

Marietta project engineer _or both the Apollo Lunar Drill and Viking Surface

Sampler programs, and, in retrospect, would also have modified some og the

design approaches employed in the flight hardware.

_e are currently performing a small study program directed at determining

potential sampling requirements and mechanization approaches for future Mars

missions. The enclosed letter prepared by Dr. Hlchael Duke of the Johnson

Space Center outlines some of the potential future Mars misslons currently

being studied by the HASA. It is our feeling that we should solicit the

thoughts of all members of the planetary scientific conmnunlty regarding the

surface sampling task. Therefore, your preliminary suggestions regarding

sampling and coring requirements, mechanization approaches, and sample analyses

wIII be greatly appreciated. A simple form has been prepared for your use.

I would appreciate it If you would return it to me as soon as possible to my
Hartln Marletta address.

Very truly yours,

Donald S. Crouch

Hall Stop D-0222
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Request By

Address :

FUTURE MAR HI$SIONS

DRILL SAMPLER SCIEITI'IFIC/OPERATIONAL REQUIREHENTS

I_to

Telephone:

Brief Description of Experlment(s):

I

f
!
!

!
!
i

I

Drill Experiment Sample Requirements:

Diameter

Depth or length

No. of holes (cores)

3
Separation distance
betveen holes (cores)

Number of samples

Size (volume)

Special reqoicements
(i.e., allowable T
rise, min/max core

or particle size, etc.)

Other comments

Rock Sample

(core or drtlled)

Particulate S_mple
(core or drilled

resoltth)

Auxiliary Drill Experiment (i.e., probe emplacement, surface physical

properties, etc.):

SuRgested Earth Analog Test Su[te Rocks

Type.__

l.ocntion
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APPENDIX B--TYPICAL COMMERCIALDRILL TEST RESULTS
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A. Vesicular Basalt - Hl_hl_

vesicular, fLne-grained,

porphyritic basalt with pre-

dominantly glass uatrlx.

Phenocrysts represent small

percentage of rock volume
and are totally altered or

missing. Vesicules repre-
sent 20-25Z of the rock

volume and show a contin-

uous gradation in size
from about I mm to I cm.

(2.2 5X)

B. Vesicular Basalt -

Highly dense, finely-vesicu-

lar, porphyritic basalt.
Fhenocrysts appear to he in

hand examination composed of

olivine and plagioclase

feldspar. On small scale.

rock is only finely vesicu-

lar, however, large rock

sample exhibits large

vesicules up to several cen-

timeters in length. (2.25X)

C. Basaltic Scoria - Very

fine-grained, scoratious

basalt. Sample is highly
fractllred with about 20X

vesicules hy volume. (2.25X)

Figure B-l Rock Sample Des('r/l)tl(),_,_

i
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Rock Dc._,:"i.pt_.o.-."

_r'i: :c --':ptfor.:

?ri:_ ?.r. -":

7..,_t Durc ion.

Watt-Hour. required to displace one(l_ cubic inch of rock: '_/

3r'.il _c-,-:raticn per minu=e: Approx. Core sample size:

R_CK DRILL TE_T 3;0. .:

le ee _ i

B

_'. Drill _i_ Descr_-ption: I, •

'.'c_.t S : _ Amps : _'

_ _,,_. i

• . . . .0 /,u__.._._s__ = .!9"/_ e,_ _ _ ..............................

.....................

1.?.j.-
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Rock Description !

DrlU VescrIptlon z

Drill Thrust :

Roc_DRx,-,.T_T .o.._'_
. II ! !

,QocK ,_'4,44f£E " _ ""

Watt-Hours required t_ dlsplsce one(1) cubic inch of rocks : Z4_

Drill penetration per minute: /_ _Appr_. Core s_.Bple else: __

Location of test: V_ ____ .... _"f" P-_.

#

.. d_v-r. _ _ _,_v_

_ w_r-. till, _, !,7_ x. o,t, _-Z. IS

i est conducted fort _._. &c',_Cma;4_'_. TOSt conducted by."
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.:ock Des. "Lptlon"

_rill :':,r : ,::

:ate-Hour renuire_ :o aisolaco one ", cubic inch of rock:

. --...• :_...-.-...::._=. A .m____...4[__ RIM.

_' , 4#_. ,,_;"0

,_.__.r: _,_'_ R.__A= . .........
__.W..._A'__...-_.!4L$,, $yo_. oleo _ $ 7.,

IZ@cK. [:_rt./tc'r..¢> .,r . !,ID,7 w. ]I ¢),,,.) _-- , 0"7 ,_. _ ...... ;

--..-_--.,,,,,.,..,,,.,./,,,,_ _,-,... ._

|
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